Tsu d, A POSSIBLE T CELL RECEPTOR ALLOTYPE
The present study was undertaken to determine the genetic map position of the Tsu a locus among the heavy chain genes to assist in the identification of Tsu a. A position among the Vh genes (Igh-V) would indicate that Tsu d is an idiotypic or Vh framework determinant. A location among the constant region allotype genes (Igh-C) would suggest that it is an IgT allotype. A position significantly outside either of these gene clusters would suggest that Tsu a is not an immunoglobulin-related structure and that its genetic proximity to the Igh complex is fortuitous, like that of serum prealbumin, Pre-1 (8) , and an allotype-linked histocompatibility antigen, H(Igh) (9, 10) .
Materials and Methods
Mice. AKXL recombinant inbred (RI) strains (11) were derived from the cross of AKR/J × C57BL/J and are maintained at The Jackson Laboratory, Bar Harbor, Maine. NX8 RI lines were derived from the cross of NZB/NIcr × C58/J (12) at the Institute for Cancer Research, Philadelphia, Pa. The AXC and C.B.AL strain panels are Igh-recombinant strains (13, 14) , each derived from an independent backcross mouse that had a genetic crossover between the Igh-Dex dextran idiotype gene and the Igh-1 allotype locus. The AXC strains were derived from the cross A/HeNIcr × BALB/cAnNIcr and are similar to recombinant inbred lines. The C.B.AL strains are congenic to BALB/c because they were derived from the cross between two BALB/c allotype congenic strains, BAB/14 × C.AL-9 (14, 15) . These strains are maintained at the Institute for Cancer Research. The C.AL-20 and C.B-20 strains were obtained from Dr. Michael Potter, National Cancer Institute, and have been maintained at Tufts University since January 1978. BALB/cAnN animals were purchased from Charles River Breeding Laboratories, Inc. (Wilmington, Mass.), and all other strains were purchased from The Jackson Laboratory.
Antisera. The production and T cell specificity of anti-Tsu d has been described previously (1, 3). Briefly, BALB/eAnN females were immunized with concanavalin A blasts from selected C.AL-20 animals. The blast population was fractionated on bovine serum albumin (BSA) discontinuous gradients in an ultracentrifuge, and only the least dense population floating on 26% BSA was used for immunization. This constituted 20% of the total blast population. Antiserum was collected and pooled from 20 donors. Antiserum used for this study was produced using normal, unimmunized C.AL-20 animals as donors in contrast to the first reports of this serum (1, 2).
Tsu d Typing by
Immunofluorescence. All cells used for typing in fluorescence assays were splenic T lymphocytes eluted from nylon wool by the method of Julius et al. (16) . Cells (5 × 105) were incubated for 1 h at 4°C in 50/~1 of 2% horse serum in 0.04 M NaNs in phosphate-buffered saline (PBS) with anti-Tsu a serum. After three washes, cells were incubated with fluorescein isothiocyanate-labeled goat anti-mouse IgG1 antibody for 45 min at 4°C. Cells were washed and examined in a Leitz fluorescent microscope (E. Leitz, Inc., Rockleigh, N. J.). Details of labeling and organ specificity of the sera have been described previously (1).
Assay for Suppression of an IgM Plaque-forming Cells (PFC) Response to Sheep Erythrocytes (SRBC).
Briefly, 2 #1 of anti-Tsu d serum in 200 #1 PBS was injected on day -4 into the tail vein. On day 0, l0 s SRBC were injected into the tail vein. The number of direct anti-SRBC PFC was evaluated on day 3 of the primary response using the Cunningham slide-chamber assay (17) . It was found that the antisera induced a three-to fivefold reduction in the IgM PFC response without accelerating the IgG response. It was determined by adsorption that T and not B cells remove the suppressive activity of the serum. Details of the in vivo assay are described in reference 2. We had previously shown that the in vitro properties of the antiserum were primarily directed against T cells (1). * Antibody was injected into the tail vein in 200/tl PBS on day -4. On day 0, l0 s SRBC were injected intravenously in 200 #1 PBS. :l: Animals were killed on day 3 after antigen injection. PFC values represent the average of duplicate determinations on three animals ± log SEM. § Student's t test was used to calculate r, the probability of random occurrence of the difference between the two groups, NMS-or Ab-treated mice. Immunofluorescent staining ofT cells from the various strains with anti-Tsu d serum as previously determined (1) and shown in Table I 
Results

Igh Linkage of In
Tsu d, A POSSIBLE T CELL RECEPTOR ALLOTYPE
Tsu d Pre-1 % C.AL-9 75 + - d a BAB/14 0 - + b c C.B.AL/2 5 - - b c C.B.AL/4 0 - - b c C.B.AL/5 0 - - b c C.B.AL/1 7 - - b a A/
Tsu d Typing the lgh Recombinant Strains.
The AXC and C.B.AL Igh recombinant strains were constructed to preserve genetic crossovers between Igh-Dex, the antidextran idiotype locus, and Igh-C, the heavy chain allotype gene cluster (13, 14) . These strains were examined to determine whether the Tsu d gene is located among the heavy chain variable-region genes, Igh-V, or among or near the constant region, or allotype, loci, Igh-C. The typing data are presented in Table II -1 a, Tsu a negative) . They are typical RI lines, derived by inbreeding from randomly chosen F2 pairs without selection for any characteristics. Thus, this strain panel contains only a single crossover between Dex and lgh-C and five independent crossovers between Igh-C and Pre-l. In this strain panel, the Tsu d type again matches the allotype, with the exception of NX8-13, and in every strain with a crossover among these genes, the Tsu d type disagrees with the Dex or Pre-1 type, as shown in Table III . The one discordancy of allotype and Tsu d in these strains is represented by NXS-13A and 13B, two sublines that were separated at the F7 generation and differ little from each other. The Tsu d gene carried by NX8-13 is the positive allele from NZB, although the Igh-V, Igh-C, and Pre-1 genes are all of the C58 type. If the Tsu a is located between Igh-C and Pre-1 as indicated, the double crossover necessary to produce this arrangement is not unlikely considering the 10 map-unit interval involved and the large number of recombinant strains tested in these studies. This crossover does separate the Tsu a gene from the lgh-C cluster but does not help to define the map position of Tsu a. Table III , only a minority of mice of this strain express Tsu d strongly enough to be detectable by immunofluorescence, and in a different group of NXS-3 mice injected with anti-Tsu d serum, none showed the suppression of PFC characteristic of the presence of the Tsu d antigen. Our interpretation is that these mice do possess the NZB allele at the Tsu d locus consistent with their allotype and prealbumin phenotype, but for unknown reasons the antigen is expressed at variable levels, usually below our ability to detect it. Other interpretations can be entertained, such as a different map position for the Tsu a locus in NZB mice, or a more complex model postulating a T cell alloantigen located between lgh-C and Pre-1 and detected by staining, and whose expression is required in combination with a particular lgh-V to produce the target for anti-Tsu d, resulting in suppression. These models are not more satisfactory at explaining the NX8 data and disagree with the data from the other strains tested.
NXS-3 presents an unusual Tsu d phenotype. As indicated in
Tsu a Typing ofAKXL RI Strains. Table IV shows the typing data for the AKXL RI lines derived from the cross of AKR/J (Igh-ld Tsu d positive) and C57L/J (lgh-1~, Tsu d negative). In this strain panel, no crossovers between Dex and lgh-C were fixed, but four strains have recombinant genotypes for lgh-C and Pre-1. In three of these, the Tsu d phenotype matches the allotype, and in AKXL-24 it matches the prealbumin type. These four crossovers map the Tsu a gene to a position between lgh-C and Pre-1, and near to, but separable from, lgh-C.
In one strain, AKXL-25, the Tsu d antigen was detected by immunofluorescence, but anti-Tsu d administration did not suppress the response to sheep cells. In this strain, as in NXS-3, the expression of Tsu a may vary among individual mice or may be too low to result in suppression, or in these strains a step in the suppression process subsequent to the binding of anti-Tsu a may be deficient. Cells from AKXL-9 stained brightly, but wide variations in both the control and suppressed PFC responses rendered the suppression data uninterpretable. (Table I ). In the mapping studies in Igh recombinant strains and RI strains, concordance of these two traits was nearly complete (Tables  II-IV) . Disagreement was observed in 2 of 42 strains tested (NX8-3, AKXL-25), and was always seen as the failure of the antiserum to induce T suppressor cells in Tsu + strains. The coincidence of immunofluorescence staining and induction of suppressor cells by the anti-Tsu d serum indicates that these two activities result from interaction of antibodies with the same cellular determinants, i.e., the Tsu d antigen. The discordant strains in which the current protocol of anti-Tsu d treatment failed to induce suppression, although positive staining was seen, could be regarded as demonstrating the existence of two antigens, one staining and the other suppressing, controlled by closely linked but separable genes. Identification of a mouse strain with reciprocal properties, in which anti-Tsu d serum induced suppression but did not stain, would argue persuasively for this interpretation. Such a crossover has not been observed, and we favor the simpler, one-antigen interpretation and assume that the two discordant strains did not exhibit suppression for another reason. For example, they may require a stronger suppression-inducing stimulus than was employed in these experiments, or T suppressor cells could be more stringently regulated in these strains.
These genetic mapping experiments were done primarily to assist in the identification of the Tsu d antigen. Previous work has shown that the Tsu a antigen is associated with the T cell receptor for idiotype because anti-Tsu d serum can block the binding of ARS cross-reactive idiotype-bearing Fab fragments by T suppressor cells (1). The genetic linkage of the Tsu d locus to heavy chain allotype genes suggested that Tsu a might in fact be an antibody gene, either a heavy chain variable-region gene expressed in B cells to make antibodies and in T cells to make their surface receptors, or perhaps a constant-region gene expressed only in T cells, i.e., an IgT isotype. The genetic mapping data, summarized in Fig. 1 , excludes the former possibility, and is consistent with, but does not prove, the latter. In all 12 strains carrying genetic crossovers between variable-region and constant-region genes, the Tsu d type was the same as the constant-region allotype. In strains with recombinations in the region between Igh-C allotype and prealbumin, the Tsu d type again matched the allotype, except in the two instances shown as the two lowest recombinant chromosomes in Fig. 1 . These two crossovers clearly separate the Tsu a gene from the constant-region genes expressed in B cells and map it just to the right of them. The two crossovers among 30 RI lines tested give a recombination frequency of 1.9% with approximate 95% confidence limits of 0.22-6.4%. Our current understanding of chromosome 12 is represented in Fig. 2 IgT-C cluster. Our findings do not establish this possibility, nor do they exclude it. If such an IgT-C cluster exists, it lies at an appreciably greater distance from the variable-region genes than does the Igh-C cluster. As indicated in Fig. 2 , the gene order is Igh-V---Igh-C--Tsu d. Of those V genes whose map positions are determined with some accuracy, the V gene closest to the Cregion genes is Igh-Dex (14) . It is located 0.5 map units from the C genes, and the array of C genes spans a small region, perhaps 0.1 map unit in length (15) . An IgT-C cluster would then be two map units farther along chromosome 12, and this would require that the translocation of Igh-V genes to IgT-C would have to operate over greater distances than Igh-V to Igh-C. This is not a significant objection, however, because the array of lgh-V genes is known to be 5-10 map units long (14) , and V to C translocation in antibody-producing cells obviously proceeds over these long distances.
Summary The mouse T cell alloantigen, Tsu d, is expressed on a minority of mature Lyt-2 + cells, and its expression is controlled by a gene linked to the immunoglobulin heavy chain gene cluster, Igh. Tsu d can be assayed by immunofluorescence staining with an antiserum made in BALB/c mice against C.AL-20 concanavalin A blasts. This antiserum can also be used to induce T suppressor cells in mice expressing Tsu d. Both of these assays were used to type several panels of recombinant inbred strains and Igh recombinant strains to accurately map the Tsu a locus. The Tsu a gene is located very near the heavy chain constant-region genes, Igh-C, on the side toward the prealbumin gene, Pre-l. Tsu a is not among the heavy chain variable-region genes, Igh-V, and thus is not a variable-region framework allotype, subgroup determinant, or idiotype. The map position suggests that the Tsu a antigen is a constant-region allotypic determinant on the as yet uncharacterized T cell receptor.
